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(see Fig. 1 Characterization of isolates. Approximately 300 phenotypic characteristics were determined for each strain (see Table 4 ). Unless otherwise indicated, tests on the 4 "C and 20 "C isolates were incubated at 4 "C and 20 "C, respectively.
Morphology. Cultures (1 to 4 d depending on growth rate) from marine agar slants overlaid with 1 in1 Rila marine salts solution were examined for: cell shaFe, siLe and motility (wet mounts); spores, refractile granules of poly-P-hydroxybutyrate (Stanier et a!., 1966) and capsules (India ink stain) (phase contrast microscopy) ; Gram reaction (Hucker modification), acid fastness (Ziehl-h'eelsen method) and fat droplets (Burdon method) (Society of American Bacteriologists, 1957) . Cultures (10 d ) on marine agar were examined for colony morphology and size, and for production of diffusible and non-diffusi ble pigments. Physiological and biochemical teJts. Tests were read after 14 d incubation unless stated otherwise. Growth on replicate marine agar plate5 was tested at 5 , 10, 15, 20, 25, 37 and 43 "C, and at initial pH 3, 4, 5 , 6, 7, 8, 9 and 10 (adjusted with HCI or NaOH). Salt tolerance and requirement were tested in the following medium without NaCl and with 0.5, 3, 5, 7.5, 10 and 15 yo (w/v) NaCl added: Bacto-tryptone, 0.5 94,; Bactoyeast extract, 0.1 "/b; FeC13.6H,0, 0.01 ?A; NH,NO,, 0.00016%; Na,HPO,, 0.0008 "6; Bacto-agar, 1.5 % (all w/v); pH 8.0. Oxygen relations were determined from stab cultures in marine agar butts.
Distribution of growth, indole production (Kovacs method; Society of American Bacteriologists, 1957) and ammonia production (Nessler's reagent) \\ere determined from 10 d cultures in a medium containing:
Bacto-tryptone, 0.3 %; Bacto-yeast extract, 0.05 ?{,; Tris, 0.6 %; KH,P04, 0.01 %; FeCl,. 6H,O, 0.0005 % (all w/v) ; thiamin, sodium pantothenate, riboflavin, nicotinic acid, choline, pyridoxamine and cyanocobalamin, all 1 pg 1-I; folk acid, sodium paminobenzoate and biotin. all 0.05 pg 1-I.
Cultures (10 d) on marine agar were tested for catalase (with 3 yo H,02) and cytochrome oxidase production (Gaby & Hadley method, allowing 1 niin for the blue colour to develop; Skerman, 1969) . Methyl red and Voges-Proskauer tests (Society of American Bacteriologists, 1957) were done in MR-VP broth (Difco) prepared with full-strength Rila marine salts solution. Alkaline phosphatase was detected (Barber & Kuper, 1951) (all w/v) ; in $-strength Rila marine salts solution, pH 7-2. Arginine, ornithine and lysine decarboxylases were detected by the Falkow method (Skerman, 1969) , modified by replacing distilled water with Rila marine salts solution. These tests measure alkaline end-products and do not distinguish between arginine decarboxylase and arginine dihydrolase.
Nitrate and nitrite reduction were tested in nitrate broth (Difco) with full-strength Rila maine salts solution. Nitrite was detected with naphthylamlne-sulphaniljc acid reagent and residual nitrate with zinc dust (Skerman, 1969) .
Acid production from D-ribose, D-fructose, cellobiose, lactose, sucrose or D-mannitol (all 1 %, w/v) was detected in MOF medium (Difco). Oxidation/fermentation tests were done in MOF medium containing 1 yo (w/v) D-glucose (Leifson, 1963) . Gas production from glucose was detected with inverted Durham tubes in the liquid medium used for determining growth distribution, supplemented with 1 yo (w/v) ~-glucose.
Substrates were filter-sterilized.
Agar hydrolysis was tested on marine agar; sunken colonies and depressions around colonies were scored as positive. Lipase activity was tested in marine agar containing 0.01 "/' o (w/v) CaCl, and 1 % (w/v) Tween 20
8-2
or Tween 80 (Sierra, 1957 Antibiotic sensitivity tests. Antibiotic sensitivity was tested by spreading bacterial suspensions on marine agar plates and applying BBL antibiotic discs (ampicillin, 2 pg; colistin, 10 pg; erythromycin, 15 pg; kanamycin, 3Opg; neomycin, 30 pg; nitrofurantoin, 300 pg; novobiocin, 5 pg; oxytetracycline, 5 jig; penicillin G, 2 units; polymyxin B, 300 units; streptomycin, 2 pg; tetracycline, 5 pug). Zones of inhibition were measured and sensitivity was determined against standard inhibition zones (BBL).
Nutrifiond tests. Basal medium B used in testing for substrate utilization was prepared as follows. Portion 1: KH2P04, 0.1 g; Tris, 6.0 g; NH4N03, 1.0 g; FeC1,.6H20, 0.005 g; Ri!a marine salts solution, 500 ml; pH adjusted with HCl to 8.0. Portion 2: purified agar (Difco), 10 g; distilled water, 500 ml. Portion 3 : thiamin, sodium pantothenate, riboflavin, nicotinic acid, choline, pyridoxamine and cyanocobalaminS all 1 pg; folic acid, sodium p-aminobenzoate and biotin, all 0.05 pg; distilled water, 2 ml. Portions 1 and 2 were autoclaved separately. Portion 3 was filter-sterilized. The three portions were mixed at 55 "C. Substrates were sterilized by autoclaving or filtration (Stanier et a/., 1966) , except for hydrocarbons which were sterilized ultrasonically. Substrates were mixed with the basal medium just before pouring to give final concentrations of 0.1 (w/v), except for carbohydrates (0.15 yo, w/v) and phenol (0.0125 yo, wit). A total of 100 substrates was tested (most are listed in Table 4 ). To determine growth factor requirements, two additional basal media were used. Basal medium A was basal medium B without vitamins (portion 3). Basal medium E was basal medium B supplemented with 50 mg Bacto-yeast extract, 50 mg Casamino acids and 10 mg L-tryptophan. Twehe substrates (D-ribose, D-fructose, ~-glucose, acetate, succinate, fumarate, DL-/I-hydroxy butyrate, DL-lactate, pyruvate, 2-ketoglutarate, ~-gluconate, glycerol) were used to test the ability of strains to grow 011 the basal media. Four classes of growth factor requirements were tested: type 1, bacteria able to grow on all ba5al media (do not require growth factors); type 2, bacteria able to grow on basal media R and E but not A (require vitamins as growth factors); type 3, bacteria able to grow on basal medium E but not A or B (require complex growth factors such as amino acids); type 4, bacteria unable to grow on any basal medium (require complex unknown growth factors).
Plates were inoculated with a multiple syringe inoculator (Kaneko et a/., 1977~). Growth with any substrate was considered positive if within 14 d it exceeded (visually) that on the same basal medium alone.
Data processing and analysis. Data were coded in binary form according to RKC format (Rogosa et al., 1971) , punched on cards, and verified and proof-read by two people. Errors were also checked by computer with the CREATE program (Krichevsky, 1977) . Test reproducibility was checked by periodically retesting selected strains. The estimated total error rate was less than 3 %, which would not significantly affect the cluster analyses. The QUERY computer program (Krichevsky, 1977) was used to arrange the data for input to the numerical taionomy program GTP2 (supplied by R. R. Colwell). Editing remobed strains lacking more than 35 "/u data, and nondifferentiating features with more than 99 yo positive, 99 yo negative or 90 y/o missing results (MTRXED program; Walczak & Krichevsky, 1977) . Similarities were estimated with the Jaccard coefficient (S,) and cluster analyses were done by single linkage sorting (Sokal & Sneath, 1963) .
Clusters of strains with similarities greater than 75 yo were designated as taxonomic groupings (Liston e f al., 1963) . The input data were sorted into the same order as strains in the cluster analysis triangle. The feature frequencies of all characteristics were determined with the feature analysis program FREAK (Walczak et af., 1978) . Probabalistic identifications were attempted using the program IDDNEW and three identification matrices currently being developed at the American Type Culture Collection (R. Johnson, unpublished). Table 3 summarizes the occurrence of selected features in the bacterial populations. Gram-negative rods predominated in water and sediment. The majority of 4 "C isolates from water were orange. Of the 20 "C isolates, more from sediment than from water were pigmented. The 20°C isolates grew at higher temperatures and salinities than did the 4 "C isolates. More sediment than water isolates tolerated low pH. Most isolates grew at 5 to 15 "C, pH 6 to 8 and salinities of 3% (w/v) NaCl.
R E S U L T S
General characteristics
More sediment than water isolates hydrolysed starch and gelatin. The 20 "C isolates from water and sediment were equally lipolytic, but more 4 "C sediment isolates than water isolates were lipolytic. Nitrate reduction was common in 4 "C sediment isolates but rare in 4 "C water isolates. Almost equal numbers of 20 "C isolates reduced nitrate. Few strains were oxidase-positive. Isolates utilizing at least one substrate were counted for each class of substrates. The frequencies of utilization were in the order: carbohydrates > carboxylic acids > amino acids > alcohols $ hydrocarbons. The 4 "C sediment isolates utilized more substrates than did the 4 "C water isolates; the reverse was true for 20 "C isolates. Since substrate utilization was determined with only vitamins as growth factors, fastidious organisms (growth factor requirement type 3 or 4) were not tested. Thus, only 70% of 4 "C water isolates, 77% of 4 "C sediment isolates, 90% of 20 "C water isolates and 52% of 20 "C sediment isolates could be tested. Obviously, growth factors are extremely important nutritional requirements for the Beaufort Sea bacteria.
Cluster analyses
Of the 4 "C isolates (L series), 62% fell into 14 clusters at the 75 yo similarity level. Four of these clusters had only two members. The remaining 38% of the 4 "C isolates did not cluster at this similarity level. The largest cluster (L4), tentatively identified as Flavobac- terium, had 60 strains (accounting for 20% of the total 4 "C isolates) of which 67% were isolated from water (Fig. 2) . The second largest cluster (L6), also tentatively identified as Flavobacterium, contained 28 strains, 80 7'0 of which were isolated from water.
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All isolates were facultative anaerobes.
* The 'percentage positive' calculations d o not include missing data, so for some tests the product of the feature frequency and the total number of organisms in the cluster is not an integral number. From the 27 original clusters, 47 representative strains were chosen (3 from each of the 10 largest clusters and 1 from each of the others). Cluster analyses failed to show similarity (75";) between the 4 "C and 20 "C clusters. Thus, the populations isolated at 4 "C appear to be distinct from those isolated at 20 "C. Tests on the 47 representative strains were repeated at 5 "C since even identical organisms can show different test results at 5" C and 20 ('C. However, less than 3 yo of the repeated test results differed from the original results for both the 4 "C and 20 "C isolates.
D is t I" ib u t ion of clusters
The distribution of the clusters is shown in Figs 2 and 3 for the 4 "C and 20 "C isolates, respectively. Some of the clusters (Ll, L4, L6, H4, H7) were widely distributed geographically in water and sediment, but most clusters showed restricted distribution, e.g. cluster L12 contained only strains from sediment near Point Barrow, The distribution pattern of clusters was similar in Prudhoe Bay water samples (stations 55, 70, 71) .
Classi3cation of clusters
The features of the major clusters are shown in Table 4 . The growth factor requirements for all clusters are shown in Table 5 . None of the isolates clustered with the reference strains and none was identified by the probabalistic identification matrices. The Beaufort Sea isolates are not identical with the common Gram-negative rods (some of which are from marine sources) contained in the matrices.
Of the 27 phenotypic clusters, 22 could be placed into seven categories: 
Type 4 Growth factor: + + + + + + + + + --
Growth factor: +, > 80% positive; +, 51-79% positive; w, 21-50% positive; -, < 20% positive.
with any genus described in Bergey's Manual. These non-motile organisms could be associated with several different genera. 5. aerobic rods (cluster L10) . This category has not been identified. These organisms reduce nitrate and are probably capable of anaerobic respiration. Phenotypically, they could belong to the genera Pseudomonas, Alcaligenes or Alteromonas (Baumann et al., 1972) . With no observed motility and without flagella determination, the distinction is not clear.
6. Non-acid fast, coryneform bacteria showing rudimentary branching and snapping division (cluster H 10). The coryneform bacteria may be Arthrobacter species even though they appeared to be Gram-negative. Indeed, many Arthrobacter species fail to appear Gram-positive (Mulder, 1964) . Coccoid forms of these organisms and morphogenesis typical of Arthrobacter were observed.
7. H12) . By the criteria of Baumann et al. (1968) , the strains in cluster H12 appear to be Acinetobacter species. Cluster H11 is not closely related phenotypically and remains unidentified. Organisms in cluster H 12 were oxidase-negative, did not require growth factors and utilized many substrates including hydrocarbons. Hydrocarbon utilization by Acinetobacter has been reported by Finnerty et al. (1973) .
D I S C U S S I O N
The Arctic Beau fort Sea, like other polar seas, is characterized by low temperatures, extensive ice cover, constant sunlight during summer and constant darkness during winter. Bacteria in the Beaufort Sea are adapted to these extreme environmental conditions. Our isolates clearly showed adaptation to growth at low temperatures. Of the 4 "C isolates, 25 "/o were obligate psychrophiles unable to grow above 15 "C. The remainder of the 4 "C isolates and all of the 20 "C isolates were psychrotrophs; 95% of these could not grow at 37 "C. In comparison to our findings, McDonald et al. (1963) found 31 yo of their isolates from Canadian Arctic sediments could grow at 0 "C but not at 25 "C. In studies in the Antarctic Ocean, Wiebe & Hendricks (1974) found 37 7; of their 4 "C isolates could not grow above 15 "C and Morita (1975) reported that 35 yo of his isolates could not grow at 20 "C. Thus, the Arctic and Antarctic seas are dominated by psychrotrophs and have a high incidence of obligate psychrophiles.
Nearshore areas of the Beaufort Sea show large seasonal fluctuations in salinity. Summer freshwater input and ice melt result in low salinities. Freezing out of salts during winter ice formation results in hypersaline layers which move to the bottom. Most of our isolates could not grow without added NaCl. The optimum salt concentration was 3 yo (w/v) NaCl.
Most of the 20 "C isolates tolerated a wide range of salt concentrations, but many of the 4 "C water isolates were restricted to near 3 ' j Y i (w/v) NaCl for growth. We are not certain why so many strains were oxidase-negative. It is possible that test conditions, e.g. age of cultures, affected the results. Using identical methods in a number of other studies, we have observed much higher proportions of oxidase-positive organisms.
All isolates were facultative anaerobes by the agar-butt stab method. The oxidative/ fermentative metabolism tests on MOF medium were used to distinguish aerobes from facultative anaerobes.
Pigmentation can protect bacteria against the lethal effects of intense solar radiation (Mathews & Sistrom, 1959) . A very high proportion of the bacterial isolates obtained from surface waters at 4 "C were pigmented; it is possible that the orange or yellow pigmentation is an adaptive protective mechanism for Beaufort Sea bacteria exposed to intense sunlight during the Arctic summer.
An unexpected finding was that most bacteria required vitamins or more complex growth factors. The probable source of nutrients for Beaufort Sea bacteria is primary producing phytoplankton. The annual spring bloom of under-ice algae is probably the prime source of nutrients for bacterial growth (Horner & Alexander, 1972) . Phytoplankton are known producers of vitamins and amino acids which can supply bacterial growth factor requirements (Carlucci & Bowes, 1970; MacLeod et al., 1954; Burkholder & Burkholder, 1956 ). Some flavobacteria have complex requirements for vitamins and amino acids (Prince et al., 1954; Prince & Cleverdon, 1955; Weeks & Beck, 1960) .
The cluster analyses and comparison with previously described taxa indicate that the dominant bacteria of the Beaufort Sea are quite different from those found in temperate marine environments. Most of the phenotypic clusters could be tentatively classified as members of genera which are listed as of uncertain affiliation in Bergey's Manual (Buchanan & Gibbons, 1974) . Pseudomonas species, which are often found to be a dominant genus in marine environments (Simidu et al., 1977; Pfister & Burkholder, 1965; Murchelano & Brown, 1970) , did not comprise a large proportion of the Beaufort Sea bacteria. We did find several clusters of presumed Vibrio species; such species have been found in high proportions in temperate marine environments (Kaneko & Colwell, 1973 , 1974 Lovelace et al., 1967; Cook & Goldman, 1976) . Flavobacteria are usually not the dominant taxa in temperate marine ecosystems. In Chesapeake Bay, Lovelace et al. (1967) found 56% Vibrio, 18 7 : Pseudomonas and 6 yo Flavobacterium species. In Antarctic marine waters,
Pfister & Burkholder (1965) found Pseudomonas species to be dominant and pigmented bacteria to comprise a low proportion of the bacterial population. The latter study, in another polar marine environment, contrasts with our findings. With respect to the genera represented in our cluster analyses, the species were psychrophilic or psychrotrophic. In many cases these may represent new species. The environmental conditions of the Beaufort Sea have apparently resulted in selection of heterogeneous bacterial taxa that are uniquely adapted as members of the bacterial community capable of survival and proliferation in this ecosystem.
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